Background: The value of periodontal dressing and its effects on periodontal wound healing have been questioned. Besides, the early healing of the gingival and periodontal wounds in oral cavity should be emphasized to promote the treatment outcome. Several studies pointed out a potential positive effect of silver nanoparticles (NPs) on the healing process of skin wounds. The present work aimed to design silver NPs periodontal dressing and then, evaluated its effects on gingival wound healing following operation. Methods: Thirty healthy adolescent female rabbits were used in this study. They had intact teeth and the clinical and radiographic examination revealed no periodontal disease. Silver NPs were added to carbonate methyl cellulose as base with two different concentrations of 25% v/v (Group A) and 50% v/v (Group B). On the basis of simple randomized allocation, gingivectomy was performed at the buccal gingiva of the left and right mandibular incisors and subsequently, untreated wounds in the control area were covered with periodontal pack and periodontal dressings A and B were applied in the test regions. Histological changes were monitored in day 4 and 7 post operation to evaluate the inflammatory and repair stage of healing process. Results: We observed significant difference in the inflammatory and repair parameters of the healing process between surgical sites treated with this periodontal dressing and * Corresponding author. G. Habiboallah et al. 129 control group. Besides, wounds treated with silver NPs dressing in general terms had all the hallmarks of relatively complete healing one week post operatively. Conclusion: The results indicated positive potential therapeutic effects for this new formulation of periodontal dressing on acceleration of surgical wound healing that led to improvement of periodontal treatment consequences following operation.
Introduction
As a new emerging technique in the nanotechnology industry, the silver nanoparticles (NPs) are regarded as the fastest growing product in the market such as wound dressings, contraceptive devices, surgical instruments and bone prostheses [1] - [3] . The results of previous studies suggested that silver NPs had a potent anti-inflammatory effect and could accelerate wound healing [4] [5] .
In addition, oral cavity environment is full of pathogenic and opportunistic bacteria that are favorable for acute and chronic infections in the presence of any cut or wound in the epithelium. Without controlling the microbial activity, the regenerative, respective surgeries and oral implants fail [6] . Due to the vital important effect of silver-coated dressing in burn wound regeneration and their antiseptic properties, such biological dressings play a significant role in the treatment of burnt skin [7] - [10] . Min et al. showed that the application of silk fibroin spongy wound dressing (SFSD) incorporated with silver NPs promoted the healing process of full-thickness skin defects of dorsal side of rabbits suggested that SFSD may provide a good component for the development of new wound dressings [11] .
Antimicrobial properties of silver NPs dressing have already been established because the silver ions inhibit bacterial growth through certain procedure [12] . Recently Singh et al. found that polyvinyl pyrrolidone alginate hydrogels containing silver NPs with efficient fluid handling capacity and antimicrobial activity are suitable to use as biological wound dressing [13] .
On the other hand, after the completion of surgical periodontal procedure, the area is covered with a surgical pack. The pack minimizes the likelihood of post-operative infection and hemorrhage and facilitates the healing process by preventing surface trauma during mastication [14] . In general, dressing has no curative properties; however, they assist healing by protecting the tissue rather than providing "healing factor" [15] . In some cases, the packs increase plaque formation [16] and irritate the healing tissue [17] and thus, cause little damage to the periodontium as result of inflammation. However, efforts should be directed to enhance the repair of mucosa wounds particularly in oral cavity and consequently reestablish function and esthetic in due course as well as less discomfort and pain for patients.
The overall results of previous studies indicated a relatively beneficial effect for biomaterials containing silver NPs particularly in skin wound healing. Thus, in the first step of the present work, we aimed to make silver NPscoated periodontal dressing to improve the healing process of mucosal wounds in oral cavity particularly traumatized soft and hard tissue of periodontium following surgery. Subsequently, in the second step, we established a preliminary assessment to evaluate the effects of this periodontal dressing on inflammatory and repair stages of gingival wound healing based on histological observation in animal model.
Methods and Materials

Animals
The procedures and protocol design described here were completely in accordance with the guidelines and regulations of the Animal Research Center of Mashhad Medical Science. Thirty healthy white adolescent female rabbits (2500 ± 300 g body weight) were used in this study. They had intact teeth and the clinical and radiographic survey showed no pervious periodontal disease. Pre-study preparation included scaling and daily plaque control to obtain gingival health.
Materials
High Shear Mixer (Ultra-high Shear Mixer, Charles Ross & Son Company, USA) was used to homogenize and uniform the base and complementary materials such as carbonate methyl cellulose (CMCCAS No. 9000-11-7, Zhengzhou Sinbis Industrial Products Ltd., China) as absorbent for silver NPs so as to create dressing particles of even dispersion in different parts. It is important to note that this reduction of "particle size" refers to the breakdown of agglomerates and not necessarily of individual particles. Typically, the primary particles retain their integrity and the measured size distribution narrows down as a result of the break-up of agglomerates. Silver was turned into the nanoparticles through chemical reduction method (Imen Daroo Company, Khorasan Science and Technology Park, Iran) and then, were added to the base. This mentioned process was performed by a small laboratory-scalereactor that guaranteed the isolated environment. Besides, the thermal resistance of dressing was measured in order to prevent silver particles oxidization. Silver NPs was added to the base with two different concentrations of 25% v/v (Periodontal Dressing A) and 50% v/v (Periodontal Dressing B) in order to evaluate the effect of different silver NPs dosages on the healing process and obtain the optimal concentration.
Surgical Protocol
All surgical procedures were performed under general an esthesia in sterile conditions. Medetomidine hydrochloride (0.05 mg/kg, Dormitor, Orion Corporation, Espoo, Finland) was administered intramuscularly as a premedication. General anesthesia was achieved using intravenous sodium thiopental injection (25 mg/kg, Ravonal, Tanabe. Osaka, Japan), and spontaneous breathing was monitored. Routine dental infiltration anesthesia (lidocaine hydrochloride 2%, 36 mg in each cartridge, with epinephrine 1:80,000, Astra Pharmaceuticals, Westborough, MA) was used at the surgical sites. Gingivectomy was performed at the buccal gingiva of the left and right mandibular incisors teeth On the basis of a simple randomized allocation, untreated wounds in the control areas were covered with periodontal pack (Coe-PACK, GC, Japan) and the nanosilver-coated periodontal dressing A and B were applied in test regions as well. This study was conducted in a double blind manner because both the researchers and the pathologist were not aware of silver nanoparticles dosage in periodontal dressing. In order to eliminate any effect of the materials on each others, a minimum space was considered between the above mentioned areas. An aluminum foil with 0.2 mm thickness (Toos Corporation, Mashhad, Iran) was placed on the pack as well as dressing and was sutured (Silk 0_3, 20 mm, Reverse cutting, Gore & Associated Inc., Flagstaff, AZ) so as to prevent the removal of pack from the region of surgery.
Wound Management
A soft diet (Pedigree, KalKan Foods Inc., Vernon, CA) was chosen to reduce potential mechanical interference with healing during food intake. Plaque control was maintained daily during healing phase by swabbing the teeth with chlorhexidine (chlorhexidine gluconate 20%, ICI Pharmaceutical Group, Wilmington, DE; 40 ml of a 2% solution).
Preparation of Histological Specimens
While the rabbits were under general anesthesia, biopsies were taken from healing buccal gingivae surrounding the teeth in the regions where gingivectomy was done of 15 rabbits at day 4 and 15 remaining ones at day 7 after surgery. Samples were fixed in 10% neutral formalin and embedded in paraffin (Paraffin tissue processor HMP 110, Microm International, Heidelberg, Germany). Sections of 4 µm thickness were stained with hematoxylin and eosin and evaluated under light microscopy (Eclipse, E800, Nikon, Japan).
Histologic Analysis
The parameters used for evaluation were inflammatory cells count, necrosis, acute hemorrhage, chronic hemorrhage and edema as the inflammatory parameters and neovascularization, fibroblast proliferation, collagen density and epithelialization as the repair parameters of the healing process [18] .
Each of the parameters was scored from 0 to 3, with 0 = normal, 1 = mild increase, 2 = moderate increase, 3 = marked increase. Sparsely scattered neutrophils, plasma cells, macrophages, eosinophils and mast cells arranged in a random fashion were considered normal. Localization of 3 -10, 11 -30, or 31 or more cells in the wound tissue per 400× magnification field was considered a mild, moderate, and marked increased, respectively.
Sparsely scattered necrotic cell debris, extravasated erythrocytes (indicative of acute hemorrhage), and haemosiderin-laden macrophages (indicative of chronic hemorrhage) were considered a mild increase for each of these parameters. Focal dense accumulations of these components in the wound tissue were considered a moderate increase. Extensive tissue necrosis, massive hemorrhage involving the surrounding tissue, and the presence of greater than 30 haemosiderin-laden macrophages per 400× magnification fields were considered a marked increase for each of these parameters, respectively.
Slight separation of cells and collagen from one another in the wound tissue by non-staining or poorly staining acellular material was considered a mild edema. Separation of 30 -50 µm by this acellular material was considered a moderate edema. While separation of greater than 50 µm was considered a marked edema.
Fibroblasts and collagen organized in a random pattern, typical of the normal connective tissue of gingiva, were considered normal. Localization of fibroblasts and capillary buds in the wound tissue in number of 3 -10, 11 -30, and greater than 31 per 400× magnification field were considered a mild, moderate, and a marked increase, respectively, for fibroblast and neovascularization. Scant collagen bundles slightly separating fibroblast in the wound tissues were considered a mild increase in collagen density. Somewhat dense accumulation of collagens between fibroblasts in the wound tissues was considered a moderate increase in collagen density. Extensive separation of fibroblast by abundant collagen bundles was considered a marked increase in collagen density.
Regeneration and migration of epithelial cells from wound margin was considered a mild epithelialization. Approach of regenerated epithelial cells that migrated from wound margin, was considered a moderate epithelialization. Complete continuity regenerated epithelial cells that covered the wound surface and formed intercellular bridge, was considered a marked epithelialization.
Statistical Analysis
All samples were evaluated for one parameter before proceeding to the next which allowed for more accurate comparison of individual parameters. Mean scores were used for objective evaluation of histological changes. The data was statistically analyzed by Kruskal-Wallis test using commercial software (GraphPad Prism Version 4, GraphPad Software, San Diego, CA). Differences were considered to be staisticaly significant at P < 0.05.
Results
Statistical Finding
The result of this study showed that the local application of this novel periodontal dressing promote the healing process remarkably in comparison with control group. Scores of all inflammatory and repair parameters suggested a statistically meaningful differences at both days 4 and 7 between the control group and the regions in which periodontal dressings A and B were applied ( Table 1 & Table 2 ). On comparing the healing process of surgical sites treated with periodontal dressings A with B in order to achieve the optimal concentration of silver NPs, we observed significant statistically differences between the edema (P = 0.034) and collagen density (P = 0.05) at day 4 so that more new collagens formed in the regions treated with periodontal dressing A than dressing B while the amount of edema was noticeable lower in group A ( Table 1 ). However; there was a marginal difference of all parameters between dressings A and B one week following operation ( Table 2 ).
Histological Observation (Day 4)
Histological analysis of untreated wounds of control group at day 4 revealed abundant infiltration of inflammatory cells in the connective tissue and particularly in gingival epithelium as exocytose, limited amount of vessels buds, extensive edema and poor repair parameters (Figure 1) . However, we observed relatively moderate inflammatory response with diffused chronic inflammatory cells among the gingival epithelial rete processes and in connective tissue, relatively marked new collagen synthesis with irregular orientation for wounds treated with periodontal dressing A and B (Figure 2 & Figure 3) . Neovascularization in the first post-operative days results in migration of inflammatory cells for cleaning necrotic remains and releasing some mediators to activate synthesis of extracellular matrix. Our study demonstrated that neovascularization was more prominent in regions treated with particularly periodontal dressing A as well as dressing B in comparison with control group. On the other hand, the amount of inflammatory parameters particularly edema was marginally higher in sites treated with dressing B compared with dressing A. abundant new vessels buds and collagen synthesis directly below the gingival epithelium was apparent in region where dressing A were applied which probably results from the higher percentage of silver NPs in comparison with dressing B. However, wounds covered by dressing B showed mild proliferated epithelial cells on the wound surface.
Histological Observation (One Week Post-Operatively)
In the histological survey at day 7, in the control group, we observed moderate to severe chronic inflammatory cells accumulation particularly in lamina properia directly below the gingival epithelium and deep in the connective tissue with moderate tissue disruption as well as edema, weak scaffold of collagen fibers which generally indicated relatively poor healing that seemed insignificant compared with day 4 (Figure 4) . In addition, wounds treated with periodontal dressing A presented are latively mild persisting inflammatory response with moderate repair parameters in comparison with those surgical sites which periodontal dressing B were applied (Figure 5) . In the group B, we observed poor signs of inflammatory response in the connective tissue with sparsely scattered chronic inflammatory cells infiltration, dense accumulation of relatively well-aligned new collagen fibers and relatively complete integrity between the epithelial cells with moderate thickness (Figure 6) . Our result suggested that wounds treated with this novel periodontal dressing in general terms has all the hallmarks of relatively complete healing one week post operatively. 
Discussion
Wound healing involves a sequence of molecular and cellular events including inflammation, cell migration, angiogenesis, extracelluler matrix synthesis, and re-epithelialization. Principally, inflammation is a protective response to eliminate the initial cause of cell injury as well as necrotic cells and tissues resulting from the original insult; however, inflammation is an integral stage of wound healing process. The inflammatory response is terminated when the injuries stimulus is removed and the inflammatory mediators have been dissipated, catabolized or inhibited. Recruited inflammatory cells not only clean up the necrotic debris but also elaborate mediators that drive the synthesis of new extracellular matrix (ECM). Thus, healing begins very early in the process of inflammation [19] .
In the other hand, it is important to explore biomaterials and dressings to promote wound healing in the shortest time possible. However, the early strength of the gingival wounds and tissue function restore may be critical to the treatment outcome following surgery. Since significant finding of pervious investigations revealed a relevant role of silver NPs in wound enhancement, we designed a study to make and evaluate our dressing's effects on gingival wound healing in animal model.
Oral wound regeneration compared to other sites has distinct problems due to its high potency to bacterial infection and frequent damage by mastication. Therefore, the controlling of oral cavity microbial activity should be emphasized to enhance the wound repair and regeneration particularly following surgery. Interestingly, the silver ion Ag + is the active antimicrobial entity; it can interfere with thiol (-SH) groups and provoke the generation of reactive oxygen species (ROS), a major contributor to its antibacterial efficacy. Recently, silver nanoparticles have gained considerable interest in wound bio burden reduction, as they can release Ag+ ions at a greater rate than bulk silver, by virtue of their large surface area [20] . Furthermore, following periodontal surgeries, the area usually is covered by current periodontal pack which decrease postoperative infection and bleeding and are usually without therapeutic effects [15] . However, the findings of several researches suggested that the packs caused aggregation of plaques [16] , stimulation of regenerated tissues [17] [21] and insertion of small injury to periodontitis tissue due to increase of inflammation [22] which its efficacy currently is questionable. However, a case study conducted by Tropl et al. investigated the absorption of silver NPs from a burn wound dressing and its findings revealed that the wounds healed rapidly with treatment [23] . Thus, on grounds of pervious studies' results, the advantageous of the application of silver NPs in periodontal dressing may outweigh the demerits.
We observed a remarkable decrease in the amount of the inflammatory parameters within the first 4 days after surgery in the test group comparing to those of the control group suggested that silver NPs component dressing altered or compressed the inflammatory events in the wounds and facilitated the early phases of wound healing. This result confirms finding of the Woodward et al. who indicated that silver ions caused neutrophil apoptosis so the inflammatory events were suppressed and repair process were increased [24] . In addition, the ability of silver NPs to modulate cytokine production, and thereby diminish the inflammatory response following burn injury (confirmed due to decreased neutrophil infiltration within the wound), was thought to contribute to their ability to promote, and accelerate, wound healing and reduce scar appearance [25] . On the other hand, the amount of inflammatory parameters particularly edema was relatively higher in sites treated with periodontal dressing B in comparison with periodontal dressing A which probably results from the lower percentage of silver NPs in dressing B.
In the present work, our finding suggested that wounds treated with this dressing had a poor signs of inflammatory response in the connective tissue with sparsely scattered chronic inflammatory cells infiltration one week post-operatively; thus, provided proper basis for emigration and proliferation of epithelial and connective tissue cells, synthesis of extracellular matrix and remodeling of paranchymal elements and connective tissue which leads to restoring the tissue function and achieving wound strength particularly at the first days of the healing process. Besides, the regions where this dressing were applied showed a marked increase in the amount of repair parameters, wound re-epithelialization with relatively normal thickness, and compact and well-aligned collagen fibers, suggesting that the wound was essentially healed at day 7 following operation. The results of our study are in agreement with other studies showing that the application of different therapeutic forms of nanocrystalline silver particles enhanced wound healing [26] [27] . The wound-healing capabilities of silver NPs have been demonstrated, and found to be better than traditional treatments. Tian et al. used a thermal injury mouse model to determine the wound-healing capabilities of a silver NPs-containing wound dressing. The healing of burn wounds occurred more quickly when topically treated with silver NPs as compared to silver sulfadiazine (a standard burn treatment) [28] . Although the application of silver NPs within wound dressings has obvious advantages, Hollinger reported that silver delayed wound healing [29] , and Hidalgo and Dominguez have also reported that silver nitrate is toxic to fibroblasts and endothelial cells, both of which are required for wound healing [30] . There was marginally more chronic inflammatory cell count in sites treated with periodontal dressing A in comparison with periodontal dressing B, suggesting that a relatively mild persisting inflammatory response may related to the higher volumetric density of silver NPs in periodontal dressing A that may keep the inflammatory response. We applied this periodontal dressing with two different NPs concentrations to determine the dose-dependent histopathological and biological effects of silver NPs on wound healing and ensure the optimal utilization of this periodontal dressing in a clinical setting.
Ip M et al. on evaluation of antimicrobial activities of silver dressings found the similar results. They suggested that performing the silver NPs dressing or other silver pharm products for wound protection should be used by care [31] . So it might be claimed that high amount of silver particles caused mild cytotoxic effects, even acted as foreign bodies and kept the inflammatory responses.
Conclusion
The results presented here therefore indicated a relevant role for this new formulation of periodontal dressing in wound healing, which led to improvement of therapeutic resources in the treatment of surgical wounds. From a clinical standpoint, the significant differences of the inflammatory and repair stage of healing treated with this periodontal dressing in comparison with control group, indicated a positive potential therapeutic effects on acceleration of surgical wound healing particularly improvement of periodontal treatment consequences after surgery. In addition, it could play an important role in the treatment of open wound, such as skin burns, where faster wound healing would be beneficial for the patient. Moreover, in diabetic patients who frequently present difficulties in wound healing, it could be useful in modulating the inflammatory response and better repair. Finally, if further studies support its efficacy, this novel periodontal dressing might be clinically utilized as alternative to current periodontal dressing.
